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antigen into rabbits (or other animals, such as chickens) and then extracting
the resulting antibodies. Assays can be made sensitive by labeling a given
amount of antigen with fluorescent or radioactive compounds, or enzymes,
thus creating a labeled analyte reagent. The difficulty in making antibodies
to low-molecular-weight analytes depends on the molecules; it can take 6
months and several animals to produce a useful polyclonal antibody re-
agent. Monoclonal antibodies are more selective for particular compounds,
but are more costly to develop. Antibodies have a shelf life of more than 1
year, with refrigeration.

An example of an immunoassay is the enzyme-linked immunosorbent
assay (ELISA), which uses 96-well plates with antibodies bound on the
sides of the wells. The characteristic of interest is the binding constant for
the immunoreaction, which is defined as the association constant between
antibody and antigen. It is important to generate a good antibody with
strong binding.

Of the two classes of immunoassays, heterogeneous and homogeneous,
homogeneous assays are generally much faster and easier to automate, al-
though the detection limits are not as low as for heterogeneous assays.
Homogeneous assays for small analyte molecules are based on competitive
binding, and can be direct or indirect.

A practical factor limiting the routine use of immunochemistry for en-
vironmental monitoring is that many U.S. Environmental Protection Agency-
approved methods require analyses by gas chromatography and mass spec-
trometry (GC-MS) for measuring pollutants. This is a case in which
state-of-the-art techniques cannot be applied because government regula-
tions mandate use of techniques that were well developed when the regula-
tions were formed. Immunochemistry techniques could be faster and cheaper
than GC-MS, although they may not be as sensitive in some cases. Analysis
of certain samples may require some extraction steps. For example, many
organic compounds bind to particulates and must be extracted before analy-
sis. Whether immunoassays can be implemented with these organic extracts
remains to be seen.

It requires about 2 hours to carry out an immunoassay, in either land-
based or shipboard laboratories, using a single 96-well microtiter plate and
associated plate reader. Simultaneous use of multiple plates can further
increase sample throughput. New reagents must be developed for each
analyte. It is expensive to make appropriate reagents and develop the chemical
procedures, but the subsequent cost per sample is very low. These tech-
niques are available now; what remains is to develop methods, that is, to
make antibodies toward the desired analytes.

Making antibodies to some small molecules and ions, particularly if
they are insoluble, reactive, volatile, or toxic, can be difficult. Few anti-
bodies to the analytes listed in Table 1 have been developed. A variety of